DP-MS-67-47

niﬁ{ﬂﬂ“@l@ﬁﬁﬁ " ,497 } }C? C?

IRRADIATION GROWTH OF DILUTE URANIUM ALLOYS

by
SRL
W. R, McD 11
W. N, Rankin RECORD COPY
RE. T. Huntgen
Savannah River Laboratory

E. I. du Pont de Nemours and Company
Aiken, Sputh Carclina 28EB01

Proposed for publication in Journal of the Institute
of Metals as a Technical Note.

10/13/67



This document was prepared in conjunction with work accomplished under Contract No. AT(07-
2)-1 with the U.S. Department of Energy.

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any lega liability or
responsibility for the accuracy, completeness, or usefulness of any information, apparatus,
product or process disclosed, or represents that its use would not infringe privately owned rights.
Reference herein to any specific commercial product, process or service by trade name,
trademark, manufacturer, or otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the United
States Government or any agency thereof.

This report has been reproduced directly from the best available copy.

Available for sale to the public, in paper, from: U.S. Department of Commerce, National
Technical Information Service, 5285 Port Royal Road, Springfield, VA 22161

phone: (800) 553-6847

fax: (703) 605-6900

email: orders@ntis.fedworld.gov

online ordering: http://www.ntis.gov/help/index.asp

Available electronically at http://www.osti.gov/bridge

Available for a processing fee to U.S. Department of Energy and its contractors, in paper, from:
U.S. Depatment of Energy, Office of Scientific and Technica Information,
P.O. Box 62, Oak Ridge, TN 37831-0062

phone: (865)576-8401

fax: (865)576-5728

email: report s@doni s. osti . gov




DP-M5-67-47

IRRADIATION GROWTH OF DILUTE URANIUM ALLOYSB®

by

W, R. McDonell
W. N. ERankin
R. T, Huntpon

Savannah River Laboratory
E. I. du Pont de Nemours and Company

Alken, South Carclina 29801

Dilute alleys of uranium have been shown to resist cavitationel
swelling, and a great deasl of attention has been devoted to deter-
mining the limits of stability of the various compogitions during

:i.rz'ar.i:'l.a‘f:i.-:-n.]‘F3 Optimum alloys would be esasier to develop if the
baslc metallurgical factors that promote swelling resistance weare

understood,

The basic driving force for cavitationsl swelling of uvranium
is the anisctropic growth (change of shape)] of individual grains
in the structure.4 Alloying additions may increase resistance to
swelling by inhibiting the anisotropic growth process. The aniso-
tropic growth of the dilute uranium alloys is being established
concurrently with the determination of their swelling behavior to
test this hypotheszis. To date, only heat-treated specimens have
been irradiated, and the textures necessary to produce significant
irradiation growth have generally not been present. In z few
cases, however, enough texturs has been generated during heat
treatment to make & preliminary assessment of the effect of alloyving
additions on irradiation growth.

* Summarized as & contribution from the audience at the Institute
of Metal Discussion on "The Irradiation Effects in Uranium Alloys
and Compounds ," London, April 19-20, 1966.

The information in this article was developed during the course

of work under Contract AT(0V7-2)-1 with the United States Atomic
Energy Commission.
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TEST PROCEDURES

Test specimens of veriocus compositions (Table I) wsre one-inch
long cylinders, contained in stainless steel capsules that were
filled with NaK during irradiation. The specimens were machined
from cast-and-extruded stock and heat treated by several procedures
(Table I}. The crystallegraphic texture of the specimens was meas-
ured by X-ray diffractien to yield a growth index5 in the length
direction,

The specimens were irradilated at central temperatures of 200°
to 500°C for exposures up to 5000 MWD/T. Length changes after ir-
radiation were used as a measure of the anilsotroplc prowth of the
specimens.

GENERAL DESCRIPTION OF RESULTS

Bffect of Compesition and Heat Treafment

The alloy specimens changed in length during irradiation by
amounts that depended upon composition and heat treatment. As shown
in Fig. 1l for specimens in the beta-heated, vil-quenched conditicn
[Heat Treatment 1 in Table [), length changes for most compositions
were within #15% after exposures of 5000 MWD/T. However, the com-
position U-1000 ppm Si-810 ppm Al (Alloy F) increased »>30%. No
other correlation of growth with alloy cencentraticn was evident
among the alloys, except that all dingot (low carbon) specimens de-
craased in length. The alloy with the greatest length decrease was
the dingot composition U-280 ppm Pe {Alloy E).

The anisotrepic growth of the alloy specimens was caused by

crystal textures produced during heat treatment.5 45 would be ex-
pected, zlternative heat treatments wmarkedly altered the growth of
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the various alloys, a3 1llustrated for selected allpys in Fig. 2.
Though the effects of slternative heat treatments were not uniform
from alloy te alloy, results may be summarirzed generally as:

1. Alpha-phase annealing at 320°C after a beta-heat
oil-quench treatment (Heat Treatment 2) produced little
change in gnisctropic growth as compared to just the bets
0il quench treatment; however, annealing at 600°C (Heat
Treatment 2A) increased growth markedly.

2., Quenching from beta temperatures to 500°C in salt
for 2 min or to 450°C in Pb-8n alloy for 5 min for isothermal
transformation prigr to water quenching increased length more
than oil quenching; thls increase may have been due to the
effect of the final water gquench on specimens that were incom-
pletely transformed during isothermal transformation. Air
cooling from beta temperatures [Heat Treatment 6) alsoc in-
creased growth as compared to oil guenching, elthough the
increase was less than that for the iscthermal transformatiocn,
water guench treptments,

3, Gamma treatments at 8§00 and 950°C with oil quenching
{Heat Treatmentz 9 and 11) end with furnace coeling from
gamma to beta temperatures before oil gquenching (Hest Treatment
5) produced about the szame growth behavior as beta treatment
with oil quenching. Alpha annealing at 400 and 500°C after a
gamma heat and oil quench (Heat Treatments 10B and 10) had no
additional affact, and at B00°C (Hegt Treatment 10A) increased
growth only slightly.

Dependence on Irradiastion Conditions

Aversge growth rates (%length change/10,000 MWD/T) of the
various alloys are given in Tabkle I. The growth rates were rel-
atively constant with increasing temperature except for alloys that
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swelled markedly (Fig. 3). In the latter csses {dashed lines in
Fig. 3), the swelling significantly incressed the length of samples
irradinted at temperatures above swelling thresholds. For these
allpys, the growth rates were calculated on the basis of the length
changes observed for low-iemperature specimens only.

CORRELATION OF ANISOTROPIC GROWTH WITH TEXTURE AND SWELLING

Growth rates depended on the magnitude of the texture formed
during heat treatment. Plotting growth rate against the growth index
for all alloy specimens tevealed s wide scatter of datz peints, The
growth indexes wers measured on single specimens of the allev stock;
structurgl variations in texture could be hlgh and precision of a
growth index was estimated 10.02. The scatter, attributable to
imprecision of data, was thus considerable. In cases in which data
for the same alleoy from two different irradiation tests were avail-
able, growth rates could be correlated with growth indexes, These
data are shown by solid lines in Pig. 4 for the Alloys F, Y, W, and
H. For only one alloy, W, the date points were not conslstent. The
dashed line in Pig. 4 1s for Alloy E, which had an uniquely large
negetive growth rate. The dotted line represents the behavior of
unalloyed inget uranium that was established by a large number of
specimens in a previous tast.? The growth of the unalloved ingot
uranium specimen (Alloy 0) in the present tast agrees well with these
previous data.

Extrapoclation of the correlation lines to unit growth index
yielded effective b-axis growth caafficiantss for the alloys. The
growth coefficients for the five alloys illustrated in Fig. 4 gre
compared with that for unalloyed uranium in Table II.

The growth coefficients of the alloy specimens were less than

those observed for unalleyed uranium, except for Alloy E, which had
a somewhat larger growth coefficient. The large length changes of
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Alloys F and E resulted from relatively high growth coefficients,
rather than from high degrees of texture induced during heat treat-
mant,

These results indicate that a correlation exists between the
growth coefficients and cavitationsl swelling sn.;s.n:epﬂ:ii:nilit}r.:I"'!'i
Except for Alley E, the dilute uranium alloys were less susceptible
to cavitaticnal swelling than unalloyed uranium, in accord with
thelr smaller growth coefficients. Alley E was at least as suscep-
tible tc swelling as unazlloyed uranium, The growth coefficients for
the cother mlloys are not sufficiently preclse to be corrslated with
thelr swelling susceptibility. '
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TABLE I

Anisotropic Growth Rates of Dilute Uranium Alloy
Specimens During Irradiation

Alloy Heat

Designa- Composition, ppm Treat- Avg Growth Ratak®,
tions Epge* Fe Si Al Cr Mo  mentt % per 10,000 MWD/T
A Ingot 350 (S0}++ 700 - - 1 +8
3 +14
11 +8
12 +11
B Ingot 350 360 1400 - - 1 +10
2 42
ZA +25
5 +16
8 +10
10 +16
104 +2
10B t23
B Dingst 359 310 R70 - - 1 -18
c Ingot 240 250 (19} - - 1 +11
D Ingot (BS) 350 915 - - 1 -5
E Dingot 2RO {30) () - - 1 -44 (230 -280°C)
E Ingot (&0) 1000 B10 - - 1 +65
5 +37
9 *37
10 +31
104 +41
G Ingot (85) 350 {10} - - 1 -9
H Ingot {55) 720 (10) - - 1 +17
M Ingot 250 249 255 - - 1 +23
2 +20
N Dingot 250 20 220 - - 1 -14
0 Ingot (105) [25) {5) - - i 0 (230 -2R0°(C)
4] Dingot £60) {10} {30 - - 1 -l4 [230 -280°0C)
U Ingot 265 365 735 220 - i -9
6 +27
8 47
84 *32
v Ingot 135 25 {65} - - 1 -5
W Ingot {60) 330 {10y - 1000 1 +24
W Dinget {60) 400 (35) - 10040 1 -24
X Dingot 120 120 110 - - 1 -23
Y Ingot 345 360 860 - 9810 & +17
8 +58
BA +37
104 0

Footnotes on fellpowing page
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Footnotes for Table I

* Base Metal - Ingot(500 ppm C); Dingot(30 ppm C)

+ Heat Treagtments

1 Beta treat 725°C 10 min, cil quench

2 Beta treat 725°C 10 min, oil quench; aslphe anneal 520°C 1 h,
pil gquench

2ZA PRets treat 725°C 10 min, oil quench; slphe anneal 600°C 5 h,
oil quench

3 Gamma treat 800°C 20 min, water quench

5 Gamma treat B00°C 20 min, furnace cool to 725°C, hold 10 min,
0il gquench

& Beta treat 725°C 10 min, alr cecol
B Heta treat 725°C 10 min, quench to 500°C 2 min, water quench

BA Beta treat 725°C 10 min, quench to 450°C in Pb-8n - heold 5
min, water guench

8 Gamma treat 800°C 20 min, oil quench

10 Gamma treat 800°C 20 minr, oil quench; alphs anneal 520°C I h,
oil quench

104 Gamma treat B00°C 20 min, oil quench; alpha anneal 600°C 5 h,
oil gquench

103 Gamma treat B00°C 20 min, oil quench; alpha anneal 400°C 7 h,
0il guench

11 Gamma treat 950°C 20 min, oil quench

12 CGamms treat 950°C Z0 min, oil quench; beta treat 725°C 10
min, oil guench

*%  Growth Rate determined by length changes at 5000 MWD/T, averaged
cver temperature range 225-425°C, except values 1n parentheses ( )
which wete determined from length changes at 2500 MWD/T at the

1

10,000 MWD/T

temperatures given. Growth rate = (%E x 100]

++ Parentheses denote concentrations of naturally cccurring impurities.
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TAELE 11

Growth Coafficients of Uranium Alloys

B-Axis
Alloy Growth Coefficient,®
Designations % per 10,000 MWD{f

~2500

{Unalloyed uranium) 2100
ann

400

350

o -~ IR 5w I v N = |

170

* Growth Coefficient = (%E x 100] 10 ggglmwn;T
¥
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FIG. 1 LENGTH CHANGES PRODUCED BY IRRADIATION OF BETA.TREATED-OIL-
QUENCHED SFECIMENS OF DILUTE URANIUM ALLOY3
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ALLOY SPECIMENS DURING IRRADIATION
[ Compositions and heat frectments are given In Table |}
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( Alloy compositions und heat treatmants are given in Tohle | Dotted linas
indleate compasitions that swallad significantly ot higher tamperaturas,
producing length chonges due to volume increases as well as enisctropic
growth, )
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Alloy codes are given in Table |.  Circled |eifers designais data obtained in
this tast { Table [ ); uncircled |eiters designate dato obtainad in a pravioys test,





